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Use of a silicate inorganic binder was investigated
with the goal of suppressing volume expansion of Si
negative electrodes associated with charge-discharge.

Use of a Si negative electrode with the electrode
density lowered by conductive carbon and with
inorganic binder permeated to the electrode interior
enabled control of the amount of electrode expansion
associated with charge-discharge and suppression of
delamination from the current collector and conductive
path breakdown within the active material layer. This
realized a high-performance Si negative electrode with
a large reversible charge-discharge capacity.

XPS analysis and STEM-EDX analysis were
performed to elucidate these factors. The results
showed that in electrodes coated with an inorganic
binder, a network of siloxane bonds formed and strong
bonds were obtained, and an interface phase in which
the Si and inorganic binder are fused also formed.
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Fig. 2 Reaction mechanism of silicate inorganic
binder
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Table 1 List of electrode samples
No.| Conductive carbon Silicate binder
1 None
| 5 wt%
2 AB1 K,0 - 3SiO,
3 20 wt% K,O - 3SiO,
4 AB2 20 wt% K,0 - 3SiO,
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1.0 mm), §< WA 20°, FEiF A 10°, AKEEE 2 um/s, TE

Item AB1 AB2
Particle size (nm) 37 23
Specific surface 58 133
area (m2/g)
Quantity of iodine 82 180
adsorption (mg/g)
Packing density 0.08 0.05
(g/ml)
Image of AB ‘g‘% ; ro
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Structure Structure

Fig. 4 Physical property values of conductive carbons
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Fig. 5 Electrode DC resistance of samples
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Table 2 Electrode density and silicate binder ratio

No.| Conductive carbon Silicate binder ratio Electrode dens:;yh(gkl:m:*)
. o ith silicate
(Wt%) Precursor binder

1 - -
— 5 wt% 0.83

2 AB1 11 0.87

3 20 wt% 10.2 0.98 0.87

4 AB2 | 20 wt% 20 0.66 0.7
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Fig. 6 Cross-section SEM images and EPMA
mappings of K element
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Table 3 First charge-discharge capacity and efficiency

Pristine
No. Capacity (mAh/g) | Efficiency
Charge |Discharge| (%)
1 2346 397 16.3
2 | 3059 | 2550 83.4 R
3 | 3657 695 19.0 © (@No.1 (b) No. 2
4 4164 3885 93.3

Fig. 8 Cross-section SEM images after first cycle
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Fig. 7 First charge-discharge curves of Si/Li coin cells at 0.025 C
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Table 4 Si-O bonding ratio for all Si

Si-O bonding
Sample ratio (%)
No. 1 precursor 32
No. 2 with silicate binder 48
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Fig. 10  XPS spectra of Si 2p peak of Si electrode
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Table 5 Element ratio of interface domain

Phase A Phase B Phase C

Si grain Interface | Silicate binder
Si (at%) 93.8 43.9 37.8
O (at%) 6 54.4 62.1
K (at%) 0.2 1.7 0.1

O, HHIZI T B ICRILEE Table 51289, AHEHDIE
FZofie A X =L L 72X % Fig. 131273 §. RiifH B ¢
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Fig. 13 Element distribution model of interface
domain

4. £&D

SEAIOFE L 72 Si ARRIC 7 A BRIER IR N1 v &
FWMHL 2. BMAE E TN, VA RRES DT L
T, AREICHES BRI EEHIETE, £EEXR»SDOFH
HEEMZoNAZ LIZkD, RELMWRINERREFD
EPEREZ ST BB TE 2. ZTOERAEM@ITLZE Z
A, DT Oksim &R 7.

WM NA x4 a— Mok, BRRATOMEETIH, 32—
N UEMO 4 5N EL 72, XPS Tz & b, SN
IZIERE/ N A4V ZI2 KB Si-OfBAVEHR I T Z en
Hh o7z,

WL - BN A Y A RO T A B 2 ko728 2
AT EBILREN L LT 2 RMELFEL T D

ZEbr otz ZORMMIZ, SiEilAs 7L H U PEKE
Wk oTZyF v Eh, Si &M/ N4 v a2 —kbL
TB VI REE LR L T 5.

Si OREARINGE 121t Z 15 2 TEAGE S & MEFE © % 2 StEaE
Si AMDFEBEIZIE, B4 v &R0 -Si-0-Si- A
MZ T, Si &ML ¥ ZHEE LT3 REHOIKA
HHETHDHZLE#HLENIZL .

SZ Xk

(1) ESZAFZER L AR T 1L — - PESERRTHE A B T8 1%
M X MREABEDO GBI BTS2 A~Y—PTI 2=
T4 47T LEELD B D ISR B RRE, (2016)

(2) ESZAFZERTEE AR T AL F — - PESERLIRTHE 5 H FE A%
f§:EV-PHV v — F = 7R 2#5E, (2016)

(3) MHFZEE, (INFEA, WNFK, JAKH: [>) a3y
SER] OFHERHED R L & BEXR 7 A B R e
N V& T ST B0 EMEFE, Material stage,
Vol. 17, No. 5, p. 29-33, (2017)

(4) Liu, W.-R., Guo, Z.-Z., Young, W.-S., Shieh, D.-
T., Wu, H.-C., Yang, M.-H., Wu, N.-L.: Effect of
electrode structure on performance of Si anode in
Li-ion batteries: Si particle size and conductive
additive, Journal of Power Sources, Vol. 140, Issue 1,
p. 139-144, (2005)

(5) Qiao, H.-B., Tian, X.-M., Yi, T.-F.: Electrochemical
Properties of Si Negative Electrodes Bonded with
Partially Hydrolyzed Polyacrylamide for Li-ion
Batteries, International Journal of Electrochemical
Science, Vol. 8, Issue 7, p. 9414-9420, (2013)

(6) Li, J.-T., Wu, Z.-Y., Ly, Y.-Q., Zhou, Y., Huang, Q.-
S., Huang, L., Sun, S.-G.: Water Soluble Binder, an
Electrochemical Performance Booster for Electrode
Materials with High Energy Density, Advanced
Energy Materials, Vol. 7, Issue 24, 1701185, (2017)

(7) mUFFEE, WANFEK, AR, 1T E A, AT
EAEAT, HAAMEE, EMIEORER 28 TL A B 2% &
VAR A BRI, A=, VF T AL
Y REMH Y ) a v REsMoREEm, -4
> — i, p. 164-170, (2019)

(8) I, WHNFK, AR, INFEA:E3&E A
FAPRIOBHFE, & A b Y F 7 LZENT 7 T KE
WOMKHAYE, =X -7 4 — T 2, p. 145, (2018)

(9) IHFZE, WHEZ, WAKM:F 45 H2H )T
T LAy ZRE M ORRPE R BT 22 B AR B,
VF LA L y ZREM~EBE R RESGE I
2 EMEET T e — L FEA R, 1 TR,
p. 210-219, (2017)



TABRIBRER/N A > H AV /-SEEE Si B8R

(10) AR, SHH—&, Hob—ak, WAFEK, AR,
IFEA, MR 7= B4 > ) a RO
EHEE 7 A BRI N4 V4 R0 DG-Si Bl
OB, WIAFE M HBEMOR OE T 2L ¥ — 8%
g, wmioft, Bl iz, p. 145, (2017)

(11) Fuchs, J. N.: Ueber ein neues Product aus Kieselerde
und Kali; und dessen niizliche Anwendung als
Schuzmittel gegen schnelle Verbreitung des Feuers in
Theatern, als Bindemittel, zu firniBartigen Anstrichen
u.s.w., Polytechnischen Journals, 17, CIV, p. 465-481,
(1825)

(12) Arkles, B., Steinmetz, J. R., Zazyczny, J., Mehta, P.:
Factors contributing to the stability of alkoxysilanes
in aqueous solution, Silanes and Other Coupling
Agents, p. 91-104, (1992)

(13) fR I KA 7 2 R MBEAE M OBIL DT KOS
Lk, ~7 1) 774 7, Vol. 6, No. 3, p. 146-157,
(1994)

(14) Sk mdey ) a v =%y F 0 2k, itk
i, Vol. 59, No. 2, p. 104-106, (2008)

(15) A7k ¥ - B ARG IS vE - Heatn, IS EE, 58 70 &,
%95, p. 1067-1073, (2001)

(16) At 55 38 55 7 i @ L F - Aicmg
7= BB A O SRR B, Vo a4 4 v TRE
~EE - RS IS M ERGEE T e - b
APl Tk~ 1WA, p. 166-181, (2017)

4

M2 &

L RPN

[T i

5K A






